A theorem is proved to the effect that a wave function for a set of N spins,, which is a product of single-spin wave functions and which is an eigenstate of the square of the total spin S*, must be a state with the maximum possible value of S* and of S 3 z being an arbitrary direction. This theorem has z been applied in a separate work by the authors to show strikingly that the imposition of symmetry restrictions of a common type on an approximate wave function can lead to a very poor physical description.
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Distribution of this document is unlimited. In a paper by the authors on Hartree-Fock (HF) theory, [Phys. Rev. 156, 1 (1967) ], an analogy is drawn between the HF approximation to a ground eigenfunction of a Hamiltonian H representing a system of electrons, and the Hartree approximation to the ground eigenstate of a Hamiltonian H representing a s system of spins. An example is then presented which shows strikingly that making symmetry-restrictions on one's already otherwise restricted wave function (a rather common procedure) can lead to an extremely poor description. fore, be chosen to be eigenstates of S also, and it is often helpful in practice to require this when dealing with exact eigenstates. This suggests (following others) that we impose the same requirement on the Hartree approximation to the wave function. The latter, by definition, is of product form ¥ = II .0 . , where 0 . is a single-spin state. Let us therefore -►2 require that Y be an eigenstäte of S .
The problem then, in this restricted Hartree theory, is to determine a lowest energy -►2 product wave function ¥ that is an eigenstate of S .
(This is completely analogous to a type of restriction conventionally used in symmetry-restricted HF theory).
We then make use of a theorem: a product ¥ of spin-s spin -►2 functions which is an eigenfunction of S has maximum multiplicity and the component of S in some direction has the maximum possible value. According to this theorem, the only !'s of -*-2 product form which are eigenstates of S are ferromagnetic -♦2 (with maximum value of S ). Thus, the symmetry-restricted Hartree approximation is the worst possible approximation in the present example of a Heisenberg antiferromagnet.
In the paper on Hartree-Fock theory mentioned earlier, the above theorem was stated without proof; the purpose of the present note is to supply the required proof, which is given in the next section.
It may be of interest to the reader that the theorem seemed to us to be very probably true, and we expected to find a very simple proof without difficulty. Unfortunately, we have had to be satisfied with the following lengthy proof.
II. STATEMENT AND PROOF OF THEOREM
We first state the theorem more precisely and then give the proof.
Theorem. Let Y = 0 1 (1)0 2 (2) Consider (2) first for N = 2.
"s^-^2 0 1 (1)0 2 (2) = X 0 1 (1)0 2 (2)
Take the scalar product with 0 2 (2) to obtain s^-a^ 0 1 (1) = X 0 1 (1)
where
There are two cases to consider: (a) "? ^ 0 and (b) "5*2=0.
(a) 7 2 ± 0 where s + = s + is . Obtain, using
Take the scalar product with X (1) X , (2), obtaining thereby 
where s, -z X_(l) = s X e (l) with z some unit vector. J. s s
For an alternate proof we note: once we know 0.. = X , then we know immediately that the only possible product eigenfunctions of "sT 2 of the form X m (l)0 9 (2) are just X ea (l)X es (2) and m X. s (DX_ s (2). Taking the scalar product with X (1)X , (2) then gives
Because (15) is symmetric with respect to interchange of 1 and 2, all consequences of (19) hold as well when a and b are interchanged . 2 Consider possible solutions of the set of (2s+l) equations These are given by (14).
For General N:
Take the scalar product of (2) 
L
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ABSTRACT
A theorem is proved to the effect that a wave function for a set of N spins, which is a product of single-^pin wave functions and which is an eigenstate of the^square of the total spin S, must be a state with the maximum possible value of S 2 and of S z , z being an arbitrary direction. This theorem has been applied in a separate work by the authors to show strikingly that the imposition of symmetry restrictions of a common type on an approximate wave function can lead to a very poor physical description.
